VANETs are considered as networks of critical future importance, with the main concern being the safety of travelers and infrastructure. A lot of methods for coordination and channel allocation in the context of VANETs are being introduced. As such, the need of a framework to reliably compare the relative performances of different channel sensing, allocation and coordination schemes which takes into account the movement of vehicles is felt. In this paper, we introduce a framework that can be used to define and compare such schemes in a variety of scenarios. Simulation results clearly show the robustness of our technique by eliminating the misdetections and reducing to a great extent the false alarms.
2 many different schemes of utilization have been proposed, as discussed in the section titled "Related Work".
There may be a gap between the methods used to produce results for such techniques, which may cause discrepancy in the data. For example, one person may use a different fading model to the next. Another may include small-scale fading while the first may not, which introduces additional discrepancy in the results. One may use a different mobility model to the next. One may use a different channel sensing technique to another. All of them are equally valid, but they lack a common platform for impartial comparison, which takes into account variables such as movement, fading, noise and other such factors which may cause variability in the simulation results; and at the same time allows for varying parameters, in order to perform simulations in a variety of conditions.
The historic approach in the scientific method has always been that the data being presented should be falsifiable. [4] These differences introduce a difficulty as to the falsifiability of the data, and even more importantly, the usefulness of such techniques as comparison is obscured.
RELATED WORK
Many researchers have put lot of efforts to analyse the sensing techniques used and fading models used for CR networks. There are a few works related specifically to use of CR in VANETs scenarios. Some existing works are discussed here.
In [5] it is proposed to use energy detection technique over a Gamma-shadowed Nakagami-composite fading channel for both large and small scale fading in VANETs. Authors have compared the results obtained in simulation with other composite fading models like Suzuki, Loo and Rice-Lognormal. In this paper, the authors have not discussed the coordination among vehicles for sensing the CR network. [6] proposes a model based on swarm-intelligence (the division of labour model in ant colonies), and claims to reduce congestion problems to the spectrum database. This paper proposes the use of cellular networks to access the spectrum database and to use IEEE 802.11p channels for inter-vehicular communication for cooperative sensing. Vehicles, after sensing, send the results to their neighbours. [7] pinpoints the drawbacks of the energy detection technique and proposes the use of the covariance based technique.
According to the authors, the energy detection technique is sensitive to noise uncertainty. [8] [9] [10] [8] [9] [10] Furthermore as signals are correlated in most practical applications hence energy detection should not be 3 considered the method of choice. The authors propose the computation of the sample covariance matrix of the received signal based on the received signal samples; then to extract two test statistics from the sample covariance matrix. Finally, a decision is made for the presence or absence of the signal is made by comparing the ratio of two test statistics with a threshold.
In [11] it is proposed to assign a specific channel to each vehicle in TV spectrum band to each vehicle and sensing of the spectrum is performed independently by each vehicle. Information collected by each vehicle is exchanged among other neighbour vehicles to help with decisions on the future use of the spectrum. In [12] independent sensing by vehicles of Wi-Fi channels and ISM bands (2.4 or 5 GHz) has been proposed. Similar to [12] , this paper also proposes the sharing of information among vehicles for the future use of spectrum holes. In [13] it is proposed that each vehicle sends a belief message about the presence or absence of a primary user (PU) signal to its neighbours. Each vehicle decides on the basis of its own observation and the belief messages received by it about the spectrum availability. Also, in [14] it is proposed that each secondary user (SU) senses and uses the spectrum holes on its own and shares the information with other SUs for future decisions. In [15] another independent spectrum sensing scheme based on the three state model is discussed. First state is empty slot or hole, second is presence of PU and the third one specifying presence of SU. Proposals discussed in [11] [12] [13] [14] [15] are all based on independent sensing of the PU spectrum. Since there is no coordination among the users, there is danger of sensing and occupying a single slot by more than one SU at a time causing harmful interference. These proposals may also create misdetections and create interference with licensed PU signals. The proposal discussed in [13] may suffer from slow convergence due to the broadcast of messages.
In [16] a cluster based scheme with one cluster head has been proposed. Every vehicle senses the spectrum and sends the result to its cluster head. The cluster head, based on results received from all the cluster members, assigns the hole to the requesting vehicle. This proposal is centralized and a hole detected by one vehicle may not be a hole for another vehicle due to different fading conditions at different locations. In [17] a spectrum division based scheme is proposed in which wide band spectrum is divided into several narrow sub-bands and a group of vehicles is assigned a sub-band to sense and use the spectrum. In this scheme a sub-band may suit a group of vehicles but may not suit others. In [18] , a cooperation based scheme is proposed in which every vehicle senses the spectrum and sends the information to its neighbours. Each sample collected is assigned a weight which is adjusted and 4 normalised. Based on the weight and output sensed decision is taken if the slot is empty or occupied and decision is forwarded to all the neighbours. This scheme may suffer from slow convergence and also lacks coordination. In [19] , a scheme based on multi radio technologies has been proposed. Authors propose the usage different technologies for different classes of service, but in this paper no coordination or cooperation mechanism is discussed. In [20] , a combination of standalone and cooperative sensing proposal have been studied. In this scheme a coordinator senses the spectrum and assigns a group of channels to the requesting vehicle. The requesting vehicle, on receipt of group of empty channels, rescans the channels and uses the first available channel. This scheme suffers from the demerit that a hole for the coordinator may or may not be a hole for other member vehicles.
In this paper, we propose such a framework which varies the sensing and coordination method while keeping other factors constant. It will also allow simulations to be performed in a variety of scenarios, thus helping determine the robustness of a given technique. Our proposed scheme takes the localized decisions by employing three coordinators in a cluster; Main coordinator, forward coordinator and the backward coordinator. The simulation performed uses the Hata model for large scale fading and Rayleigh fading model for small scale fading. For mobility, we use the Gipps mobility model with a slight modification. In our proposal any amount of data may be recorded during a simulation, as desired. In summary, the framework will have the ability to:
 Perform simulations related to CR-VANET scenarios.
 Vary a number of factors, including, but not limited to:
o The choice of mobility model.
o The choice of coordination model.
o The PU/SU scheduling algorithm used.
o The choice of channel sensing algorithm o The channel allocation scheme A rudimentary form of this simulator was used to produce the results in [21] . A version of those results using different scenarios, but with no change in the sensing or coordination algorithms, is produced in this paper.
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THE PROPOSED FRAMEWORK
We first lay out a consistent framework for simulating different scenarios. In this framework, we will vary one factor and keep others constant to achieve consistency in the comparisons. We start with a "bird's eye" view of the entire algorithm, and then examine each process in finer detail, until we are down to the bare essentials. We do this by describing the mobility, sensing, coordination and scheduling algorithms individually, as well as when they are needed and what ties them in with the rest of the process.
The proposed framework starts as any time-based simulation model should, by dividing the entire time over which the simulation is to be performed into a number of time slices, and simulating over each of those slices. Second, we perform channel sensing, coordination and allocation as required by the different models used.
From first glance, the flexibility of this approach is immediately visible. We can choose the mobility model while performing movements, and we can also choose what methods to use for the other tasks.
From here, the first sub-process is completely defined by the choice of mobility model to be used. The second one needs to be expanded, and it is shown below. with the coordinators in a given range. We then perform sensing and occupation for individual vehicles that need to transmit over the CR spectrum.
Here, the coordinator selection sub-process is defined completely by the choice of coordination algorithm used. The other two need to be expanded, as they are below. Note that these processes are for individual channels or vehicles.
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Figure 3: Occupation and vacation
The psuedocode corresponding to the flowchart in Error! Reference source not found. is given below. Error! Reference source not found. defines the basic scheduling algorithm used for PU state changes. It defines how the simulation will decide when a PU is to occupy a channel, and when it is to vacate a given channel.
Again, a lot of flexibility as to the method of scheduling transmissions is allowed. A message must be sent to SUs occupying this channel, possibly over the WAVE control channel.
Figure 4: Transmission and back off mechanism.
The psuedocode corresponding to the flowchart in Error! Reference source not found. is given below. scheduling and allocation scheme for SUs of the CR spectrum. It takes into account the fact that a channel may not always be allocated to a SU when needed, and it also lays the groundwork for what sensing is to be performed before a SU will attempt to occupy a channel.
Please note that this last flowchart may vary slightly depending on the needs of the coordination and allocation scheme. For example, coordination may not be required at all, multiple channels may be sensed before a back-off is triggered, and so on. The flowchart has been made for the requirements of [21] , but the pseudo-code is more generalized. This also takes into account the possibility of a misdetection.
MODELS USED FOR THE SIMULATION
The Hata Model for suburban areas was used as the large-scale fading model in this simulation. This depends on the Hata model for urban areas. This gives the predicted median path loss over a given path. [22] Whereas the Hata model is a large-scale model that predicts averages over a given distance, Rayleigh fading predicts sudden changes due to rapidly varying channel conditions. [23] Rayleigh fading is a long-standing model used in wireless communication systems for power prediction, where a line-of-sight component is absent. Considering the scenario, which is a suburban environment, it is highly unlikely that one will be present. Therefore, we have chosen the Rayleigh model for our simulation.
The Gipps mobility model describes how traffic behaves in a typical vehicular scenario. [24] The Gipps model is one of the classical models used to simulate urban mobility. We choose it for its simplicity and effectiveness in predicting vehicle behaviour. We made one modification to this model for our purposes: That the vehicle will not go below a certain minimum speed threshold. Given we are simulating a highway scenario where vehicles may overtake each other, this assumption is reasonable.
We propose Equation 1 as a replacement for ( ) in our simulations.
SIMULATION RESULTS
Here, we give simulation results for three different sensing and allocation schemes, for three different kinds of data. We vary the number of available channels, the number of vehicles in the simulation and the average speed of the vehicles. The schemes used are standalone sensing, cooperative sensing, and proposed sensing, as used in [21] . The other parameters were: Vehicle sensing range was 400 m and communication range was 240 m, the length of road used was 2 km, the noise power was -133.16 dBW (500 K system noise temperature at a bandwidth of 7 MHz). Two PU transmission towers were used, each 10 km away from the closest point on the road. The mobility model used was the Gipps model [24] and the wave propagation model used was the Hata model [22] for large scale fading and the Rayleigh model b) The number of false alarms (a channel was vacant but was sensed as occupied).
c) The number of misdetections (a channel was occupied but was sensed as vacant). Misdetections are dangerous because they can interfere with PU or other SU communications.
The following figures 5 to 13 show the results of simulations run under a number of scenarios.
As one can clearly see, in all three cases, the number of mis-detections is virtually eliminated. In this limited simulation, they actually came out to be zero in all cases. This is shown in Error! Reference source not found., Error! Reference source not found. 
CONCLUSION
In this paper, we introduced a framework for the impartial comparison of CR-VANET sensing and allocation schemes. We described the framework and all the models that could be used to fill in various parts of the algorithm. We then described the schemes we used to produce a complete simulation. We then ran simulations in line with the framework for three different channel sensing and coordination schemes. The proposed coordination scheme with three coordinators per cluster showed marked benefits over independent and cooperative sensing schemes.
FUTURE PROSPECTS
As the concept of the application of CRs is relatively new to VANETs, there is a lot of room for improvement. Further work needs to be done on the application of effective spectrum management and allocation in VANETs. This is particularly true for CR-VANETs, as there is a possibility of PU involvement. Furthermore, work needs to be done into the possibility of using bandwidth-efficient techniques such as OFDM in CR-VANETs. As power generation isn't a huge issue, work needs to be 
